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R817accordingly. With this simple,
two-component feedback motif,
Ben Zvi and Barkai [3] provided
a parsimonious solution to the
morphogen gradient scaling problem.
However insightful and elegant, the
expansion–repression remained still
‘only’ a model until Ben-Zvi and
colleagues latest study [2]. In an
interesting act of synthesis, they
analyzed the molecular properties and
expression domains of putative Dpp
expanders. They realized that the
recently characterized protein
Pentagone [8] met the requirements
that their model demanded of an
expander: Pentagone is expressed
at the edges of the wing disc along
the A/P axis, is repressed by Dpp and
is a stable and diffusible molecule.
In addition, Pentagone was shown
to modify the Dpp gradient through
interactions with Dally, a heparan
sulfate proteoglycan that can affect
both themobility andstabilityofDpp [8].
So, is Pentagone Dpp’s expander?
Ben-Zvi and colleagues [2] show
that Pentagone overexpression
leads to a broader Dpp gradient
while Pentagone loss-of-function
leads to a steeper Dpp gradient.
These results suggest that Pentagone
plays the role of the expander
that ensures that the Dpp gradient
is kept in scale during wing disc
development (Figure 1B). At the
molecular level, Ben-Zvi
and colleagues [2] propose that the
interaction between Pentagone
and Dally could reduce the affinity
of Dpp for its receptor Thickveins.
This would decrease Dpp degradation
by receptor-mediated endocytosis.
However, these propositions are
mainly speculative and future work
will show how exactly Pentagone leads
to either a decrease in Dpp degradation
or an increase in Dpp mobility.
Expansion–Repression Everywhere?
An important feature of the
expansion–repression motif is its
simplicity. Therefore, it seems
potentially very well suited to
orchestrating scaling in animals as
a whole. Consistent with this, previous
work by the same authors had
demonstrated that the BMP gradient in
the early Xenopus laevis embryo scales
through an expansion–repression
mechanism [9]. Dpp and BMP belong
to the same protein super-family.
However, the molecular details by
which the system is implemented in thefrog embryo are quite different and
involve another set of players than in
Drosophila. This highlights that, while
the players might change, the
expansion–repression motif could
remain conserved. Hence, the principle
of the expansion–repression feedback
motif could be commonly employed
even though the details of its
implementation may vary.
The question of how a morphogen
gradient could scale with tissue size
has mainly been treated with the initial
postulate that the magnitude of the
morphogen concentration would
remain fixed while the length-scale of
the gradient would increase. It is this
isotropic expansion of the morphogen
gradient that the expansion–repression
motif explains so well and that, as we
mentioned previously, has been
observed in another model organism
[9]. However, Wartlick and
collaborators [5] reported also an
increase in the magnitude of the Dpp
signalling gradient. They observed that
the Dpp gradient was not only getting
broader as the discs grew, but the
absolute levels of morphogen along the
field were also increasing over time and
with size. This raises new questions as
to how the concentration thresholds at
which target genes are activated or
repressed bymorphogens are adjusted
to increasing levels of morphogen
concentration. This is a new, different
type of challenge to the French Flag
model than the one discussed above.
Linking the length-scale of the
morphogen gradient to tissue-size
would not suffice to maintain adequate
proportions at fixed morphogen
thresholds if the magnitude of
morphogen concentration indeed
increased over the entire field.It remains to be seen whether
the expansion–repression motif has
thepotential to resolve this conundrum,
or whether there are other scaling
mechanisms yet to be discovered.
Drosophila researchers, it seems,
still have further, higher peaks to
scale, to untangle the logic that ensures
the development of well-proportioned
animals rather than Dumbo-like
specimens, however cute they may be.References
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Directs Meristem FateLeaf initiation was previously thought to be self-regulated and not reliant on
environmental cues. However, a recent study has revealed that light redirects
meristem fate from maintenance to lateral organ initiation, through the
regulation of the plant hormones auxin and cytokinin.Jayne Griffiths and Karen Halliday*
The shoot apical meristem is located at
the tip of the plant stem and is requiredfor the production of new leaves
throughout the life of the plant. It is
essentially a dome-shaped structure
with undifferentiated cells at the tip,
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Figure 1. Proposed mechanism of the light-mediated switch between meristem maintenance
and organogenesis.
(A) In the absence of light, cytokinin signalling is reduced, leading to decreased inhibition of
CLV. The CLV signalling pathway is more active in the dark, restricting stem cell identity
and growth. Auxin gradients are not established due to the internalisation of PIN1. (B) Light
promotes cytokinin signalling which promotes WUS activity and reduces CLV levels, relieving
the CLV-mediated repression on stem cell growth. Light promotes the membrane localisation
of PIN1 establishing the auxin–PIN1 loop and auxin maxima. Auxin acts to inhibit ARR7/5, thus
promoting the reduction of CLV levels. The presence of the auxin gradient, along with
increased stem cell production, redirects growth toward organogenesis.
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peripheral zone. Interestingly, the cells
in the peripheral zone participate in leaf
formation, and the rate of leaf
production as well as the arrangement
of leaves on the stem, also called
phyllotaxy, is carefully controlled. Until
recently, the maintenance of the
meristem central zone and the initiation
of leaf primordia were thought to be
dependent on autonomous processes
within the meristem itself, acting
through hormone feedback pathways.
This view has been revised by a recent
study published in Genes and
Development by Yoshida et al. [1],
who report that light can direct the fate
of the meristem by signalling through
the hormones cytokinin and auxin.
Cytokinin and auxin are known
regulators of meristem maintenance
and organ initiation. Cytokinin
positively regulates shoot meristem
activity [2,3] via its action on both
WUSCHEL (WUS), a controller of stem
cell fate, and the CLAVATA (CLV)
genes, negative regulators of
WUSCHEL [4]. Computational
modelling suggests that above
a threshold value, cytokinin activates
WUS, partly by suppressing CLV
expression [4]. This response
is reinforced by positive feedback
that boosts both cytokinin and WUS
levels in the shoot apical meristem
central zone.
The current model of leaf primordia
formation relies on the establishment of
auxin gradients: the auxin efflux carrier
PIN-FORMED 1 (PIN1) transports auxinto sites of incipient leaf primordium,
where leaf initiation occurs [5,6]. In pin1
null mutants, auxin gradients fail to
establish; the meristem cannot
produce lateral organs and it assumes
a characteristic pin-like shape [7].
Microapplication of auxin to these
pin-like structures effectively restores
leaf primordia initiation [5].
Mathematical modelling supports
a mechanism where the observed
regular phyllotactic pattern is driven
by local auxin concentration maxima
that are generated by feedback
between auxin and PIN1 [8–11]. Recent
studies also indicate that auxin and
cytokinin signalling are interconnected,
as auxin has been shown to suppress
type A Arabidopsis response
regulators (ARRs) that negatively
regulate cytokinin signalling (Figure 1)
[12,13]. However, these hormones are
proposed to have defined roles: while
cytokinin is required for the
maintenance of the meristem activity,
auxin is necessary for differentiation
and organogenesis [5,10,14–16].
The recent paper by Yoshida et al. [1]
challenged the central dogma that leaf
initiation is an autonomous process
by testing whether environmental cues
could directly influence meristem
activity. Under long-day conditions,
soil-grown tomato seedlings produced
leaf primordia at a constant rate, but
remarkably, leaf initiation completely
arrested when plants were grown
in darkness. This was shown to be
independent of photosynthesis,
as application of photosynthesisinhibitors produced chlorotic apices
yet did not affect primordia production
rate [1]. Moreover, shoot meristem
abnormalities were apparent in the
chromophore-deficient aurea mutant,
implicating the phytochrome
photoreceptors as regulators
of phyllotaxis [17].
The production of leaf primordia
depends on PIN1-mediated transport
of auxin into the incipient primordia.
Numerous reports have shown that,
in the light, PIN1 localises towards the
site of incipient primordia [5,10,14,15].
By contrast, confocal analysis of
AtPIN1–GFP expressed in tomato
apices illustrated that, when transferred
to darkness, PIN1 was gradually
internalised and lost from the plasma
membrane [1], a finding that concurs
with a recent report that PIN2 is
internalised in dark-grown roots [18].
Immunofluorescence labelling using
a PIN1 antibody confirmed that the
observed AtPIN1–GFP behaviour was
representative of the endogenous PIN1
protein. The dark-induced changes
in PIN1 localization were matched
by a reduction of the DR5–YFP auxin
response reporter, indicativeof reduced
auxin levels. These observations
indicate that light is a key factor in the
establishment of PIN1-dependent auxin
gradients that are required for leaf
primordia formation.
If the arrest of leaf initiation is due
solely to the decrease of auxin
signalling, does the application of
auxin to dark-grown apices rescue
leaf initiation? Interestingly,
microapplication of auxin to
dark-cultured shoot apices was unable
to restore leaf initiation. It therefore
follows that light cannot operate
though auxin alone; a second
light-activated pathway is required
to trigger the production of new
primordia. As cytokinin is known
to control shoot apical meristem
maintenance, Yoshida et al. [1] tested
whether cytokinin was the missing link.
Application of cytokinin (zeatin)
effectively restored leaf primordia
production in 45% of dark-grown
apices, implicating cytokinin in
light-regulated leaf initiation.
Previously, the auxin transport
inhibitor NPA was shown to block leaf
formation in the light without affecting
meristem growth, giving rise to the
typical pin-like appearance of the stem
[14]. Yoshida et al. [1] exploited this
observation to test the relationship
between auxin and cytokinin in the light
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R819and in darkness. Using lanolin dots
as markers on NPA-treated tomato
apices, meristem tip growth
was detected following 5 days
of growth in the light, but not in
the dark. Application of zeatin to
NPA-treated apices restored meristem
tip growth in the dark, but not organ
induction. Conversely, in the absence
of NPA, zeatin induced organ initiation
but not tip growth. These observations
illustrate that cytokinin, in addition to
auxin, is an important regulator of leaf
initiation. As cytokinin promotes leaf
initiation only in the presence of active
auxin transport, these results also
indicate that the primary effect of
cytokinin action is meristem
propagation.
To determine the impact of light on
gene expression Yoshida et al. [1]
switched to Arabidopsis, which
displays light-mediated responses
comparable to those observed in
tomato. Supporting a role for light in
auxin regulation, levels of DR5–GFP
and TAA1–GFP, an auxin biosynthesis
reporter, were elevated in the light
compared to darkness [1]. Thus, auxin
production at the shoot apical
meristem requires light. Similar
observations were made for
pTCS–GFP, a synthetic reporter used
to visualise the cytokinin response,
while levels of the cytokinin targets
CLV1–GFP and CLV3–GFP were
elevated in the dark. As CLV genes
promote cell differentiation [19,20],
the upregulation of these genes in the
dark along with the reduced cytokinin
response suggest that light boosts
cytokinin levels, which promotes
growth by repressing CLV expression.
As CLV1 and CLV3 have been reported
to negatively regulate WUS [19],
WUS–GFP levels were expected to
show an inverse correlation with those
of the light-regulated CLV1 and CLV3.
Surprisingly, WUS–GFP levels were
light insensitive. This observation
resonates with a previous report where
silencing ARRs led to elevated CLV3
expression, and only modest changes
in WUS levels [13]. However, these
new findings indicate that signalling
in the meristem is condition dependent
and is more complex than previously
thought. The authors propose that
WUS persistence in darkness may be
required to maintain cell specification,
allowing a rapid resumption of growth
upon exposure to light.
In summary, Yoshida et al. [1] have
elegantly demonstrated that leafinitiation and phyllotaxy are important
features of photomorphogenesis. This
control is affected in the shoot apical
meristem, where light switches modus
operandi from maintenance to organ
generation (Figure 1).
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Priming Vesicle Release?Synaptic ribbons are specialized organelles that hold vesicles close to the
active zone of sensory synapses, but their function is mysterious. Acute
disruption of the ribbon complex using light has now revealed that it has a role
in priming synaptic vesicles for fusion.Ilaria Pelassa and Leon Lagnado
Information about light and sound
begins its journey to the brain bytransmission across ‘ribbon’ synapses.
Although sharing fundamental
properties with other chemical
synapses in the nervous system, ribbon
